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PIEZOELECTRIC DAMPER FOR A BOARD 
SUCH AS A SNOW SKI OR SNOWBOARD 
Fldd of the Invention 
The present invention relates to snow' skis or snowboards and, more 
5 particularly, to snow skis or snowboards incorporating dampers to dampen out 
vibrations in the snow ski or snowboard. 

Barfrflrnund of the Invention 
High performance snow skis are carefully designed in order to give the user 
narimim control durn^ This includes designing aids to deanry "carve" turns; 
10 thatis, dauing the c^gofatur^ every ^ 

pass over a ringte point on the snow. In order to accomplish this, skis are shaped 
with curved edges, such that the waist portion of the ski is narrower than the shovel 
or taU portions of the ski In addition to the exterior shape of the aid, the structural 
core offhe ski i. carefully trfored such that the aid ha. the Auhy to smoothly flex 
15 over it. length during the carving of a turn. The shape and structural core of 
snowboards arc also designed to cleanly carve turns. Snowboards generally have 
curved edge, and a waist portion that is iwurower than ftoiit or rear portions of 

^ l>0l rtring aiding or «K>wboardmg, the ski or snowboard flexes continuously, 
20 both in response to irregularities in the snow and in response to the use* mov^, 
such as ^turning. In addition to flexing, skis and snowboards are subjected to 
vibrations caused by contact with the snow, irregularities in the snow, bumps or 
moguls, foreign objects, etc. These vibrations can cause the bottom and edges of a 
"tTsnowbTarrto lose contact with the snow, affecting the ski, or snowboard's 
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ability to cleanly carve tums. This loss of contact with the snow thus affects the 
skier's or snowboarder's ability to accurately control the path of the skis or 
snowboard, thus affecting overall performance. 

In addition to affecting performance, vibrations within skis or snowboards 
5 cause noisy chattering that can be annoying or unsettling to the skier or snowboarder. 
Such vibrations can also travel into the bindings, boots and the user's legs resulting in 
discomfort. 

Skis and snowboards vibrate in bending modes at particular resonant 
frequencies that can be predicted analytically or measured experimentally. The 

10 deformed shape of a ski or snowboard subject to a vibration differs, depending upon 
which resonant frequency the ski or snowboard is vibrating at. A ski or snowboard's 
resonant frequencies are a function of the length, width, thickness and stiffiiess of the 
ski or snowboard. Thus, the resonant frequencies are influenced by both the internal 
structure as well as the geometry of the ski or snowboard. 

15 As illustrated in FIGURES 1A-E, an exemplary ski 10*s deflected shape 

depends upon the resonart frequency at wWch the aid is vibrating. FIGURES 1B-E 
show the deformed shape of the central axis 12 of the aid 10 at four resonant 
frequencies. The resonant frequencies at which the ski vibrates during actual use 
depends upon both the geometric and structural characterise ^ 

20 conditions, including snow conditions and surface irregularities, such as whether the 
ski is being used on powder, hardpack, or on ice. Generally, the skis' first three 
resonant frequencies are most irrmortant, U tr^ occw the rno^ often ar^ are rnost 
detrimental to the ski's ability to inaintain controlled contact with the snow. 

In addition to longitudinal flexural vibrations produced by beam bending as 

25 illustrated in FIGURES 1A-E, aids are also subject to torsional deflections and 
' vibrations. Torsional vibrations affect a ski's performance in a similar manner as 
flexural vibrations, by affecting the contact between the bottom and edges of the ski 

and the snow. . . 

Snowboards also vibrate due to loiigitudinal flexural vibrations during use. In 

30 a manner similar to that described above with respect to skis, snowboards vibrate at 
resonant frequencies that produce particular displacements or mode shapes. In 
addition, snowboards are also subject to torsional deflections and vibrations. Due to 
the greater width of a snowboard, torsional vibrations can produce a more 
pronounced effect on a snowboard's performance than torsional vtorations produced 

35 in snow skis. 
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The occurrence of and resulting effects on performance of both Accural and 
torsional vibrations in skis and snowboards is widely recognized in the industry. 
Reducing the effects of both longitudinal flexural and torsional vibrations has been 
and still is the subject of a great deal of research and development in the ski and 

5 snowboard industry. Prior proposed solutions include incorporating the use of 
viscoelastic or mechanical-type dampers into the structure of the skis or snowboards. 
U.S. Patent Nos. 5,332,252 (LeMasson et al.) and 5,342,077 (Abondance) are two 
examples of patents disclosing skis or snowboards with vibration dampening or 
absorption devices. Unfortunately, none of the prior developments have been suitably 

10 effective in reducing or eliminating undesirable vibrations. 

Most prior art ski vibration damping systems have incorporated viscoelastic 
damping devices. Such systems have tended to add significant weight to the ski and 
have been marginally effective. In addition, past ski vibration damping systems have 
been broad band dampers that do not. (discriminate with respect to the frequency or 

15 frequencies they dampen. 

As can be seen from the above discussion, there exists a need for an improved 
system to reduce vibrations within skis and snowboards. The present invention is 

directed toward fulfilling this need. 

fiiimmarv n f the Invention 
20 A snowboard or ski according to the present invention includes a piezoelectric 

damper that is used to dampen vibrations within the ski or snowboard. The 
piezoelectric damper may be wMifigured as either a passive or an active damper. 

In one ernbodiment of a ski or snowboard according to the present invention, 
a board comprising a longitucUnaDy extending structural but flexing body is provided. 
25 A piezoelectric material is coupled to the body so that it flexes as the body flexes. A 
control circuit is connected to the piezoelectric material and provides a control signal 
to the piezoelectric material that causes it to dampen flexing of the body. 

In accordance with other aspects in the invention, the control circuit and 
piezoelectric material are configured to act as either an active damper or a passive 
30 damper: The piezoelectric material may be oriented either loiigtaiaMy along the 
axis of the body or obliquely to the axis of the body to dampen either longitudinal 
flexural or torsional vibrations. 

In accordance with other aspects of the invention, the layer of piezoelectric 
material is positioned near to the top surface of the body. The layer of piezoelectric 
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material may also be preferably positioned beneath, forward or aft of a aki binding or 
between the forward and aft bindings mounted on the body of a snowboard. 

In accordance with still further aspects of the invention, the control circuit 
may include adjustments which allow a user to select the amount of damping 
5 produced by the piezoelectric damper. The control circuit and piezoelectric material 
may also be configured to provide broad band damping or to provide damping at 

selected frequencies. 

The present invention produces a number of advantages over prior art 
(lamping systems. The present invention is an effective damper of both torsional and 
10 flexural vibrations depending upon the configuration it is used in In addition, some 
embodiments of the present invention can allow users to select the amount of damping 
produced. The present invention also allows damping at only undesirable vibration 
frequencies by tailoring the design of the control circuit Use of the present invention 
can reduce or eliminate the problems associated with vibrations in skis and 
15 snowboards. This reduction in undesirable vibrations can increase a skier's or 
snowboarder's control and decrease undesirable sld and snowboard chattering. 

Britf PfiiTCripfo" nf the Prawings 
The foregoing aspects and many of the attendant advantages of this invention 
will be more readily appreciated as the same become better understood by reference 
20 to the following detailed description, when taken in conjunction with the 
accoinpanying drawings, wherein; 

FIGURES 1A-E are schematic illustrations of four different resonant vibration 

modes of an exemplary aid; 

FIGURE 2 is a perspective view of a ski including a piezoelectric damping 

25 system in accordance with the presort invention; 

FIGURE 3 is a cross section of the ski of FIGURE 2 taken at line3-3 in 

FIGURE 2; 

FIGURE 4 is a top plan, partially schematic view of a piezoelectric damping 
system according to the present invention; 
3 o FIGURE 5 is a cross section of the piezoelectric damper of FIGURE 4 taken 

at line 5-5 in FIGURE 4; 

FIGURE 6 is a schematic diagram of an embodiment of a control circuit for 

operating a piezoelectric damper according to the present invention; 

FIGURE 7 is an enlarged top plan view of a portion of a second embodiment 
35 of a ski including a piezoelectric damper according to the present invention; 
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FIGURE 8 is a third embodiment of a ski, including a piezoelectric damper, 

according to the present invention; and 

FIGURE 9 is an embodiment of a snowboard including a piezoelectric damper 

according to the present invention. 

p^i^ Tva rcription of the Preferred Embodiment 
As discussed heretofore, FIGURES 1A-E illustrate a ski 10 in its undeformed 
state and in its deformed state when vibrating at its first four resonant vibration 
frequencies FIGURES 1A-E are for illustrative purposes only and are not to scale. 
As illustrated in FIGURES 1B-E, the ski 10 deflects as a result of the resonant 

, vibrations.. Although the ski 10 deflects over its entire length, the most promment 
deflections are observed in the forward two-thirds of the ski. The magnitude of the 
deflections are sufficient to affect control and cause discomfort to the sber under 
some conditions. One method of reducing the problems associated vnth resonant 
vibrations is to somehow dampen the magnitude of the vibrations thus reducmg their 

5 effects The present invention is a piezoelectric damping systm for use on «*er 
snow aids or snowboards to dampen undesirable vibrations. 

FIGURE 2 illustrates a first embodiment of a snow slalO mcludmg a 
oiezodectric damping system 14 according to the present inventioa The 

» being used. Although the piezoelectric damping system is described below vn* 
^toaparuculartypeof^ 
with afferent types of skis or snowboards. 

of the * 10 i. m dong*. beam type m»>» *«■ • 
forwardirwuroed shovel portion 18 which prevents the front of the sla from digging 
fcn^«t«inw. H- Thebodyl«nMiows«tt 

^ZZZL****. a. wKch point 

^^vrfden. into a oil portion 23. A, de^ - ^ B«*gro™i of e« 
InraA^oii, the Mffowtag ami widcoimt exterior shape of the ski helps the ski carve a 
30 proper tum^.singie^b^d^^ 

Toe and heel ski bindings 22 and 24, respectively, 

L ^ l^o„20 through the use of fasteners or other means, as is 

commonly known * *j\ ™ be of a number of different configurations that 
illustrative purposes only and may be ot a numoer u 
35 accept and releasably hold a user's ski boot (not shown). 
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In the first embodiment illustrated in FIGURE 2, the piezoelectric damping 
system 14 is located in the narrowed waist portion 20 and extends longitudinally part 
of the way between the toe and heel bindings 22 and 24. The damping system 14 
includes a piezoelectric damper 26 (FIGURES 3 and 4) formed of one or more layers 
5 of piezoelectric material 70 and a control circuit 32, as described in detail below. 

As described below with respect to additional embodiments of the invention, 
the piezoelectric damping system 14 may also be located in front of the toe 
binding 22, behind the hed binding 24 (FIGURE 6), or in more than one location over 
the length of the ski 10 (FIGURE 8). Also as described below, the piezoelectric 

10 damping system 14 may extend longitudinally along the length of the ski or may 
extend perpendicularly across the width of the ski or obliquely between the sides of 
the ski depending upon the application. 

As illustrated in FIGURE 3, in the first embodiment, the body of the ski 
comprises a structural but flexing core 40, which is shaped to form the shovel 

15 portion 18, narrowed raised portion 20, and tail portion 22. The core 40 can be 
formed of a number of different suitable materials commonly used in ski febrication, 
including wood, a honeycomb metal structure, structural foam, etc. In order to stiffen 
and strengthen the core 40, it is desirable to wrap the core with a fiber-reinforced 
layer 42. The fiber reinforced layer 42 forms a structural torsion box surrounding the 

20 core 40. The fiber reinforced layer can include a triaxially braided composite 
structure, as described in U.S. Patent No. 4,690,850 (Fezio), a fiber reinforced doth, 

a filament wound structure, layers of unidirectional fiber reinforced prepreg, or other 

# 

suitable reinforcement materials. 

A number of high modulus fibrous materials can be used to form the 
25 reinforced layer 42, including fiberglass, graphite fibers, organic fibers such as 
' KevUi* metal wire, and polyester, to name a few. The reinforced layer 42 may be 
formed of a fibrous material that has been preimpregnated with a matrix system, or 
may be formed of dry fibers which are later impregnated with a matrix system. 
Possible matrix systems including epoxy resins, other adhesive systems, thermoplastic 
30 matrix systems, or other suitable high-strength, flexible materials. 

The number of layers of material, fiber orientations in each layer, and thickness 
of each material used to reinforce the core 40 are carefully determined in a manner 
well known in the art to ensure that the finished ski 10 will have the proper structural 
bending and torsional characteristics. This includes designing the ski 10 such that it 
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25 



can withstand the structural loads in the application and can properly flex in order to 
give the ski the ability to cleanly carve turns. 

In order to protect the core 40 and reinforced layer 42, and to cosmetically 
enhance the appearance of the ski, a protective cap 44 may be placed around the 
vertical side surfaces and top layer of the core and reinforced layer. In the first 
embodiment, the cap 44 is formed as a single piece of a durable protective material. 
Any suitable material that can withstand the harsh temperature environment, large 
deflections, and punishments experienced by a ski may be used, such as a variety of 
different plastics or resins. 

In alternate embodiments of the invention, the internal structure of the ski 1 0 
n*y differ from tr*fim«nb^ Numerous different ski designs and 

structures are common* known m the art and could be used along whh the invention. 
For example, In place of a one-piece cap 44, some skis use separate protectee 
stdewaOs joined to a decorative and protective top layer. 

In order to achieve high performance and durability, the lower edges 46 of the 
ski must be able to cut into the snow and ice to allow the ^»T^T*£ 
Therefore, it is desirable that the lower edges 46 of the ski be formed of a suff, 
durable material which can achieve this go* In the preferred embodiment, two 
L-shaped steel lower edges 46 are placed at the lower comer, of the *l The 
e^cxtendlongitudinalty 

X materials that create a durable, sharp edge capable of cutting mto snow and ice. 
1Z^S«««* typically formed of steel alloys capable of holdmg a sharp 

^ T^Lease the performance of the ski, a smooth, slick, low-friction runmng 
surfaee48Uplacedupontl*lo^ 

can be formed of any appropriate material which creates a smoo£ focnon^ 
nn.ning^rface that dlow. the ski to move freely 

ZoLe*. a sintered polyethylene is used to fb™ the runn^ ^irftce, however, 

nluticfl. Teflon*, or polymer-based materials could be used, 
other plastics, lenon 0 f the ski 10 includes the 

According to the present invention, the body to oi 
, • TTnU OIGURE 2) located between the toe and heel bindings 22 and 24. 

^T^^^^ darnp^ 26 is located within the interior of the 
^^^^^iTTm^l As illustrated in FIGURE 3, the 

35 the core 40 and reinforced layer 42. 



30 
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The recess SO is formed in upper surface of the core 40 during its fabrication. 
As the reinforced layer 42 is placed over the upper surface of the core 40, it is 
depressed downward into the recess in the upper surface of the core, thus forming the 
recess SO. The width and length of the recess SO is sized to receive the piezoelectric 
5 damper 26. 

The damping system 14 is used to dampen vibrations within the body of the 
ski 10. As discussed in the specification, several different damping systems have been 
used on skis in the prior art. However, none of the systems have been completely 
successful. 

10 In the present invention, a piezoelectric damper 26 is used to dampen 

vibrations within the body of the ski. The piezoelectric damper 26 dampens vibrations 
by increasing the local stiffness of the ski in the region of the piezoelectric damper 
when the ski flexes or vibrates. In order to achieve the most beneficial results, it is 
important that the deformation or strain energy within the body of the ski be passed to 

IS the piezoelectric damper. This allows the piezoelectric damper to produce the 
greatest degree of damping. 

In order to transfer the greatest amount of strain energy into a piezoelectric 
damper, it is advantageous that the piezoelectric damper be placed in an area of high 
deformation during the ski's vibration. It is also important that the piezoelectric 

20 damper be mounted to the body of the ski in such a way as to pass strain energy into 
the structure of the piezoelectric damper. 

. in the preferred entailment, the piezoelectric damper is mounted on the 
torsion box formed of the fiber reinforced layer 42 surrounding the core 40. The 
torsion box is the primary load carrying structural member of the aid, and thus the 

25 member carrying the greatest amount of strain energy. Therefore, it is advantageous 
to place the piezoelectric damper directly on the torsion box, and the preferred 
eabo&naxt directly on the leMxxed layer 42. 

It is also important that the piezoelectric damper 26 be mounted to the 
reinforced layer 42 in a manner to allow the greatest amount of strain energy to pass 

30 from the reinforced layer into the structure of the piezoelectric damper. Mounting the 
piezoelectric damper 26 within the recess 50 allows the piezoelectric damper to be 
placed on top of the reinforced layer 42 without altering the smooth upper surface of 
the ski. In addition, recessing the piezoelectric damper 26 within the reinforced 
layer 42, as shown, helps to provide an efficient load path to transfer strain energy 

3 5 from the reinforced layer into the piezoelectric damper. 
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In other embodiments of the invention, it can be advantageous to mount a load 
intensifier on the top of the reinforced layer 42. The piezoelectric damper 26 may be 
mounted upon the surface of the load intensifier in order to increase the amount of 
strain energy passed to the piezoelectric damper. One method to produce a load 

5 intensifier is to adhesively bond an alurninum plate (not shown) to the top of the 
reinforced layer 42 in the region where the damper is located. Aluminum generally 
has a slightly higher stiffness than materials commonly used to form the reinforced 
layer 42. The greater stiffiiess of the aluminum load intensifier results in the load 
intensifier carrying the majority of the structural load or strain energy within the 

10 region of the load intensifier. Thus, adhesively bonding or otherwise mounting the 
piezoelectric damper 26 on the aluminum load intensifier allows a greater percentage 
of the strain energy within the ski to be passed to the piezoelectric damper during 
vibration, of the ski In alternate embodiments, load intensifiers formed of other 

materials could also be used. 

15 In the first embodiment, the piezoelectric damper 26 is formed as a planar 

member that extends from the central axis 28 (FIGURE 2) of the ski outward 
approximately halfway to both edges of the ski. The piezoelectric damper 26 also 
extends from a point spaced slightly rearward of the rear edge of the toe binding 22 
longitudinally to a point spaced slightly forward of the forward edge of the heel 

20 binding 24. As will be better understood by the discussion below, the length, width 
and thickness of the piezoelectric damper 26 may be altered in order to fit it tc , the 
dimensions of the ski and to increase or decrease the magnitude of damping provided^ 
Some ceramic materials and some inorganic crystals, such as quartz and 
barium thanate, have been known to exhibit piezoelectric characteristics. 

25 Piezoelectric materials transform a mechanical force to an electrical potentud, or an 
electrical potential to a mechanical response. Applying an electrical signal to a 
piezoelectric material can change the width or length of the piezoelectric material, 
depending upon its orientation. If an alternating electrical signal is applied to a 

30 rate. Conversely, when a piezoelectric material undergoes mechanical deformans 
or vibrations, the piezoelectric material produces an electrical potential. 

In Edition to inorganic crystals, such as quartz and banum titanate some 
organic polymers, such as poryvinyUdene fluoride (PVF,). polyvinyl fi^onde and 
Jryvmyl chloride also exhibit some piezoelectric properties when properly treated 

35 ^y apphcations, organic polymer piezoelectric materials and inorgamc crystal 
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piezoelectric materials may be used interchangeably. In other applications, 
piezoelectric organic polymers are advantageous because they may be more easily 
formed into thin films or other shapes. Organic polymer piezoelectric films can also 
be fabricated so that they are both flexible and lightweight. Organic polymer 

S piezoelectric films are generally polarized so that they have a positive surface and a 
negative surface. Applying a positive potential to the positive surface of such a 
piezoelectric film causes the film to elongate, while conversely applying a negative 
potential to the positive surface of such a piezoelectric film causes the film to 
contract The mechanical deflections produced in the piezoelectric materials may be 

10 increased by bonding one or more layers or films together to form a bimorph in a 
manner well known in the art. 

In the present invention, the piezoelectric damper 26 may be formed of either 
ceramic, inorganic crystal, or organic polymer piezoelectric materials. However, in 
the first embodiment h is advantageous to form the piezoelectric damper from ceramic 

15 barium or lead zirconate thanate due to the ceramic's greater stiffness and 
piezoelectric properties. Lead zirconate titanate ceramic piezoelectric materials 
generally have a stiffness similar to that of aJuminum, which in turn is generally similar 
to the stiffness ofthe body of a ski. In other applications, it may be advantageous to 
form the piezoelectric damper from organic polymers due to their ability to be easily 

20 formed into thin films or particular shapes. 

In the first embodiment, the piezoelectric damper 26 is formed of one or more 
rectangular pieces of piezoelectric lead zirconate titanate material 70 (FIGURES 4-5). 
Each piezoelectric material 70 is placed in fine with the other pieces and spaced 
shghtry longitudinally apart as illustrated in FIGURE 4. An electrical circuit grid 72 is 

25 then placed and secured on the upper surface of the piezoelectric material 70 by 
adhesive bonding or other methods known in the art In the first embodiment, each 
electrical grid 72 includes a central elongate electrode 74 and two tide parallel 
elongate electrodes 76. The central electrode 74 extends approximately along the 
central axis of each piece of piezoelectric material 70. The side electrodes 76 are 

30 spaced slightly outward from the opposing sides of the central electrode 74 and 
extend parallel to the central electrode. The side electrodes 76 are electrically 
connected to the central electrode 74 by electrodes 78 that extend approximately 
perpendicularly between the central electrode 74 and side electrodes 76. The 
electrical grids 72 on each piece of material 70 are connected together by connecting 
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the end extensions of the central electrode 74 together (FIGURE 4) thereby forming a 

continuous electrical grid. 

Although the first embodiment uses an electrical grid 72 as discussed above, 
other electrical configurations could also be used. It is advantageous that the 
electrical grids 72 define an electrical path that extends over a sufficient portion of the 
surface of the pieces of piezoelectric material 70 in order to optimize the efficiency of 
the electrical connection between the electrical grids 72 and the material 70. 

Once the electrical grids 72 are joined to the pieces of material 70 the resulting 
joined structure is encapsulated in a protective polymer resin 80. The resin 80 joins 
the individual pieces of material 70 and electric grids 72 into a unitary piezoelectric 
damper 26. The resin 80 protects the pieces of material 70 from damage, ensures that 
the electrical grids remain in contact with the piece, of material 70, and also serves as 
a shear interface to transfer loads and vibrations between the structure of the da and 

the pieces of material 70. 
,5 The resin 80 may be an cpoxy resin, a bismor/umde resin, or other satiable 

resins or plastic materials capable of encapsulating and protecting *e structure of the 
piezoelectric damper. Thc^OWdbc^^J^ 
Lstand the temperature variations, deflections and vibrations that a sber 
e^ces during use. In the first embodiment, a bismolyimide ream sold under the 

20 trademark KYPTON™ is used. 

The free end of the electrical grids 72 is dectrically attached to a control 
drcuh.32 by an electrical cable is 86. The control circuit 32 may be used to operate 
ZiezoeLic damper 26 in either an -active" or a "passive- configuration m ord* 
TZTJZ^^^^ot^. Asdescri^mmor^etaa 

25 tZ in a passive configuration the damping system 14 absorbs or dissipates the 
ItLL eX of the vibration, thus » + f^Z**™ 
ZgLon, an electrical signal is provided to the piezoelectnc damper 26 ■ o*« 
" deC£ Piezoelectric damper and thus provide a force opposmg deformans m 

30 ^ ^nfitc the damping system 14 in a passive confine, the «,ntrol 
circuit 32 abso^Tr dissipates the electrical ourrent produced by the d*n«^ 
ZteMde material 70, thus dissipating the mechanical energy of the vfrratum. 
the piezoeiecinc u „ . -^0,. that U electrically 

. =S5SsS=r=srss 
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piezoelectric damping system 14 that has broad band damping effects over the entire 
range of frequencies. 

In alternate embodiments of the invention, the damping system 14 can be 
tailored to provide damping only at the resonant frequencies of the ski thus not 
5 affecting the performance of the ski due to nonvibration-related displacements. One 
such embodiment of the invention includes a sensor 90 (shown in phantom in 
FIGURE 4). The sensor 90 is mounted on the top of the ski or within the ski such 
that it deforms as the ski deforms in response to deformations or vibrations. The 
sensor 90 can be a strain gauge, a piece of piezoelectric material, or any other type of 
10 sensor capable of providing a signal indicative of deformations within the ski to the 
control circuit 32. 

The control circuit 32 includes a timing circuit that receives the signal 
indicative of deformations within he ski from the sensor 90, and produces a signal 
indicative of the frequency at which the ski is vibrating. Using the signal indicative of 

15 the frequency at which the ski is vibrating, the control circuit 32 selectively places a 
resistance on the flow of electricity from the piezoelectric damper 26 to provide 
damping only at preselected resonant vibration frequencies. Electrical circuits such as 
a timing circuit described above are readily known and understood by one of ordinary 
skill in the electrical control art 

20 In operation, as the ski 10 deforms during a vibration, the electrical current 

produced by the piezoelectric damper 26 passes through the cable 86 to the control 
circuit 32. The control circuit 32 provides a resistance to the flow of electricity from 
the piezoelectric damper 26 and thus dissipates the energy as heat. This resistance to 
the flow of current from the piezoelectric damper 26 also causes the piezoelectric 

25 damper to resist further deformation. The greater the deformation of the piezoelectric 
damper 26, the greater the electrical current produced, the greater the resistance 
provided by the control circuit, and thus the greater resistance to deformation by the 
damping system 14. 

In alternate embodiments of the invention, the control circuit 32 can include a 

30 variable resistor. The resistance provided by the variable resistor can be altered by the 
skier in order to set the amount of damping provided by the piezoelectric damper to a 
desired value. 

FIGURES 6 and 7 illustrate a second embodiment of the invention including 
an active piezoelectric damping system. In an active damping system, the same 
35 piezoelectric damper 26 may be used as the piezoelectric damper used in the passive 
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configuratidn <BKu»«i above. However, to an active d—ptag system, the fi.nct.on 
nd operation of the control circoK 32 tiffin. In an active configuration, the contro 
circuit 130 provides an electrical signal to the piezoelectric damper 26. The eleemcal 
sigaal cause, the piezoelectric damper 26 to deform or resist deforaation in such a 
way as to dampen vibrations within the ski. In a manner similar to that descnbed 
lbove respect to the passive configuration, the control circuit 130 may be 
configured to cause the piezoelectric damper 26 to «lectivery dampen Redetermined 
resonant frequencies of the ski or to act as a broad band damper. 

I„ ,h. second embodiment, the control eta* 130 include, a ae«sorl32 
(FIGURE 6), an amplifier 140, a power supply 136, a voltage inverter 134 and. 
cap«itiv. charge pump 13». The sen»r 132 opiate, k a manner sumhr to Jhe 
2«**> of the passive configuration escribed above. The.^132 can he a 
Ln g«.g«, a Pi«. of ptocActric tnawH or any ou« type of wr. c«p*tetf 
^oXaaigli.a^ofd^on.tou-bodyofthe*.. In*, preferred 

SS-i r«n»or 132 is . *« of Piezoeiearic ^^J^""'"** 

The »Bor 132 can be tart at various location, along the ******* of or 
Uu^^d. teknessof.be body of tteaki. However, it is preferred that the 
^Ttated « the top — of the * ju« below the * 
, !32 is iocated a. an are. of maxinaun strain produced dunng deformaoon of 

^ As the body of the ski flexes or deforms, the sensor 132 produces a signal 
^ott^l defcrmrfo. This^ispa^to ^^e 
ZmbtUO Ttaanmlffledrignalis used to trigger, car^.^ 
< £Z£L cWl* 138 i. electricaUy charged by an eiecuica. anren, from 
5 electrical currer. , first pa^ W .voltage 

^cn^TcLn the desired voluges. When ti« capaciuv. char^ pump 1« 
^£LT£ from the sensor 132 indicative of a deformation in « P™** 

rssi- sign- . * 31* 

^isttncetodeflectiowwWunttebo^ 

» n.,«™t«l in FIGURE 7, the control cncuttl30 is nouseu wiuui 
As tainted in nuu*c , „ forOT rd of the toe 

35 structural buildup 90 on the upper surftce of the sk.sl.gnty 
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bioding 22. The control circuit 130 is connected to the piezoelectric damper 26 
through the use of cables 86. The cables 86 extend from the control circuit 130 
around the periphery of the toe binding 22 to the damper 26. In the preferred 
embodiment, the control circuit 130 includes an on/off switch 94 and a variable 
5 damping switch 96. The control circuit 130 is turned on or off by the skier through 
the use of the on/off switch 94. The skier may also adjust the amount of damping 
provided by the piezoelectric damper 26 by adjusting the damping switch 26 to a high, 
medium or low setting. The high, medium or low settings determine the magnitude of 
the voltage provided by the voltage inverter 134. The damping switch 26 thus adjusts 
10 the magnitude of the control signal provided to the piezoelectric damper 26 by the 
capacitive charge pump 138. The high, medium or low settings thus allow the skier 
to adjust the amount of damping provided by the piezoelectric damper 26. 

In the second embodiment, the power supply is a 9-voK battery due to its 
small size and large energy storage capacity. The 9-volt battery is connected to the 
15 vohage inverter 134 to produce a voltage of 9, 18, or 36 volts, depending on the 
amount of damping selected using damping switch 96. In the second embodiment, a 
capacitive charge pump 138 is used due to its relatively small size and weight, and its 
relative immunity to the effects of vibration, temperature and humidity. However, in 
alternate embc<fiments of the invention, other control circuit designs could be used 
20 without departing from the scope of the invention. As well known by those of 
ordinary skill in the electrical control art, many different circuit layouts and designs 
can be used to produce similar results to those discussed above. 

In the second ernbodiment, the control circuit 130 provides broad band 
damping over the entire frequency spectrum. However, in a similar manner to that 
25 described above with respect to the passive damper, alternate embodiments of the 
active damper could provide damping only at selected resonant frequencies of the ski. 
Such embodhnents of the invention would include circuitry within the control circuit 
to detect the occurrence of resonant vibrations within the ski and then provide a 
control signal to the piezoelectric damper to dampen only the resonant vibrations. 
3D As wfll be recognized by one of ordinary skill in the art, there are numerous 

different methods and electrical circuit designs capable of measuring the frequency of 
a vibration and of providing a responsive signal of the correct phase, frequency and 
amplitude to counteract the vibrations. One such method is disclosed in U.S. Patent 
No 4 565 940 (Hubbard, Jr.), which is specifically incorporated herein by reference. 
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The control "circuit 130 is just one example according to the present invention and is 

not meant to be limiting. 

As illustrated in FIGURE 2, it has been found advantageous to place the 
piezoelectric damper 26 between the toe and heel bindings 22 and 24. Generally, as 

5 illustrated by FIGURES 1A-E, one of the nodal points for each of the first four 
resonant frequencies of a ski occur between the toe and heel bindings. Therefore, 
placing the piezoelectric damper 26 between the toe and hed bindings allows the 
piezoelectric damper to efficiently dampen vibrations at the resonant frequendes. 

As illustrated in FIGURE 8, in other embodiments of the invention, 

10 piezoelectric dampers 100 and 102 can be placed at other locations, including in front 
of the toe binding 22 or behind the heel binding 24. Placing piezodectric 
dampers 100 and 102 both in front of the toe binding 22 and behind the hed 
binding 24 is advantageous in some applications to ensure that vibrations are equally 
damped throughout the length of the ski. 

15 m yet other embodiments, it can be advantageous to place a mezodectnc 

dan^mfront of, behind ari fastiU 
other eobc<Jiments, a film piezodectric damper could be placed along the endre 
length of the ski thus producing a continuous damper. 

FIGURE 8 illustrates a ski 10 including both forward and aft piezodectric 

20 dampers 100 and 102. The ski 108 also indudes a binding isolation plate 108. The 
binding isolation plate 108 is separated from the body 110 of the M by a ^odasuc 
layer 112. An exemplary embodiment of such a ski is described in U.S. Patent 
1* 5,232^41 (Knott et al), which is specifically incorporated by reference. The 
^pose of the binding isolation plate 108 and viscodastic layer 1 12» to ^the 

25 Zngs 104 and 106 and u^s boot from the rest *J^J* 
isoU^n plate hdps to isolate the user from vi^ 

• ifapiezodectricdamp^ 
less effective due to the isolating effect of the viscodastic layer 112 than if it were 
pU^edatotherlocationsontheaki. However, the isolating effect of the vis^odasttc 
30 layer 1 12 will not prevent the piezodectric damper from hdping to dampen vibrafcons 

^ * annate embodiments of the invention, the piezoelectric damper 26 cod, 
ha orienTed either perpendicularly across the width of the ski or obhqudy between the 
^tlTinTd er to Zpen torsional .orations. In „ch applications, the 
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control circuit and piezoelectric damper would operate in a similar manner to that 
described above with respect to longhudinaUy oriented dampers. 

In yet other embodiments of the invention, piezoelectric dampers according to 
the present invention could be used on snowboards. Snowboards are generally 
5 constructed in a manner similar to skis and undergo similar resonant vibrations during 
use. 

FIGURE 9 illustrates a snowboard 114 incorporating a piezoelectric 
damper 116 according to the present invention. The piezoelectric damper 116 
extends longitudinally at least part of the way between the forward and aft 
10 bindings 118 and 120, respectively. The piezoelectric damper 116 fanctions in a 
similar manner to that described with respect to the piezoelectric dampers on the ski 
embodiments of the present invention described above, and may be understood by 
reference thereto. In alternate embodiments of the invention, the piezoelectric 
damper 1 1 6 may be located in front of or behind the forward and aft bindings 1 1 8 

15 and 120. 

In a manner aimilar to that described above wWi respect to skis, a piezoelectnc 

damper 122 (shown in phantom in FIGURE 9) may be oriented at an angle with 

respect to the loiigitudinal axis of the snowboard. Li such configurations, the 

piezoelectric damper 122 can be used to dampen torsional vibrations or to change the 

20 torsional characteristics of the snowboard. 

In a manner similar to that described above with respect to ski embodiments of 
the invention, piezoelectric dampers on snowboards may be either active or passive 
dampers. Also, in a manner similar to that described above with respect to aids, 
passive or active embodiments of piezoelectric dampers according to the present 

25 invention could either be broad band dampers or could dampen vibrations occurring 
only at the snowboard's resonant frequency. 

While the preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that various changes can be made therein without 
departing from the spirit and scope of the invention. 



WO 97/04841 



-17- 



PCT/US%/12076 



The embodiments of the invention in which an exclusive property or privilege 
is claimed are defined as follows: 

1 A board, such as a snow ski or snowboard, for use on snow, the board 

comprising: . 

(a) a longitudinally extending structural, flexing body, 

(b) a piezoelectric material coupled to the body so as to flex when 

the body flexes; and . 

(c) a control circuit electrically connected to the piezoelectric 

material and adapted to cause the piezoelectric material to dampen flexing of the 
body. 

2 The board of Claim 1, wherein the control circuit causes the 
piezoelectric material to dampen predetermined frequencies of vibration within the 

body. 

3. The board of Claim 1, wherein the piezoelectric material and control 
circuit comprise a passive damper. 

4. The board of Claim 1, wherein the piezoelectric material and control 
circuit comprise an active damper. 

5 The board of Claim 1. wherein the piezoelectric material is oriented to 
extend longitudinally along the length of the body to dampen longrtudinal flexural 
vibrations within the body. 

6 The board of Claim 1, wherein the piezoelectric material is oriented 
obliquely to • kmgitudinal axi. of the body to dampen torsional vibration, wrtbn the 
body. 

7 The board of Oata 1, wi^erein the piezoelectric nutterial U positioned 
between a forward binding and an aft binding mounted on the body. 

8 . The board of Claim 1, wherein the piezoelectric material is positioned 
forward of a forward binding mounted on the body. 

9. The board of Claim 1, wherein the piezoelectric material is positioned 
aft of an aft binding mounted on the body. 
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10. The board of Claim 1, wherein the body further comprises a load 
carrying torsion box and wherein the piezoelectric material is coupled to the torsion 
box. 

1 1. The board of Claim 10, wherein a load intensifying member is coupled 
to the load carrying torsion box and wherein the piezoelectric material is attached to 
the load intensifying member. 

12. The board of Claim 10, wherein the load carrying torsion box includes 
a recess on hs upward surface and wherein the piezoelectric material is located within 
the recess. 

13. The board of Claim 1, wherein the control circuit includes a sensor 
mounted on the body to provide the control circuit a signal indicative of 
displacements of the electrical body. 

14. A snow ski comprising: 

(a) a longitudinally extending structural, flexing body, 

(b) a piezoelectric material connected to the body so as to flex 

when the body flexes; 

(c) a control circuit electrically connected to the piezoelectric 
material, the control circuit providing a control signal to the piezoelectric material to 
cause the piezoelectric material to dampen vibrations within the body. 

15. The aid of Claim 14, wherein the piezoelectric material and control 
circuit comprise a passive damper that dampens vibrations within the body. 

16. The ski of Claim 14, wherein the piezoelectric material and control 
circuit comprise an active damper that dampens vibrations within the body. 

17. The ski of Claim 14, wherein the control circuit includes a sensor 
mounted on the body, the sensor providing the control circuit an electrical signal 
indicative of deformations of the body. 

18. The ski of Claim 14, wherein the piezoelectric material is oriented 
loiigitudinally along the length of the body and dampens longitudinal deflections of the 
body. 
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19 * The ski of Claim 14, wherein the piezoelectric material is oriented 
obliquely to a longitudinal axis of the body and dampens torsional deflections of the 
body. 

20. The ski of Claim 14, wherein the body further comprises a load 
carrying torsion box and wherein the piezoelectric material is coupled to the torsion 
box. 

21. ' The ski of Claim 20, wherein a load intensifying member is coupled to 
the load carrying torsion box and wherein the piezoelectric material is attached to the 
load intensifying member. 

22. The ski of Claim 20, wherein the toad carrying torsion box includes a 
recess on its upward surface and wherein the piezoelectric material is located within 
the recess. 

23. A snowboard cc^nprising: 

(a) a longitudinally extending structural, flexing body, 

(b) a layer of piezoelectric material connected to the body so as to 

flex when the body flexes; 

(c) a control circuit electrically connected to the piezoelectric 
material, the control circuit providing a control signal to the piezoelectric material to 
cause the piezoelectric material to dampen vibrations within the body. 

24 The snowboard of Claim 23, wherein the piezoelectric material and 
control circuit comprise a passive damper that dampens vibrations within the body. 

25 The snowboard of Claim 23, wherein the piezoelectric material and 
control circuit comprise an active damper that dampens vibrations within the body. 

26 The snowboard of Claim 23, vAerrin the control circuit includes a 
sensor mourned on the body, the sensor providing the control circuit an electrical 
signal indicative of deformations of the body. 

27 The snowboard of Claim 23, wherein the piezoelectric material is 
oriented longitudinally along the length of the body and dampens longitudinal 
deflections of the body. 
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2fc The snowboard of Claim 23, wherein the piezoelectric material is 
oriented obliquely to a longitudinal axis of the body and dampens torsional deflections 
of the body. 

29. The snowboard of Claim 23, wherein the body further comprises a 
load carrying torsion box and wherein the piezoelectric material is coupled to the 
torsion box 

30. The snowboard of Claim 29, wherein a load intensifying member is 
coupled to the load carrying torsion box and wherein the piezoelectric material is 
attached to the load intensifying member. 

31. The snowboard of Claim 29, wherein the load carrying torsion box 
includes a recess on its upward surface and wherein the piezoelectric material is 
located within the recess. 
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